Introduction
An association between inflammationrelated and neoplastic events has been recognized for a long time (1, 2) . Although a number of mediators released by inflammatory cells may play a role in this process, several studies have demonstrated that reactive oxygen species (ROS) play an important role in this interaction (3) (4) (5) . First, indirect mutagenic effects of inflammatory cells were demonstrated in the HPRT gene of rat lung epithelial (RLE) cells isolated after in vivo exposure to low solubility particles such as toxic silica and nontoxic carbon black (6) . The increase in inflammatory response paralleled the number of HPRTmutations in RLE cells, which suggested that inflammatory cells, and more specifically their ROS, may be responsible for the mutagenic effects of particle exposure (7) . Second, precarcinogens can be activated by the attack of ROS, or cells producing these species (5, 8) . Increased generation of ROS such as superoxide anion, nitric oxide, hydrogen peroxide, and hydroxyl radical (9) is a characteristic of activated inflammatory cells such as macrophages and polymorphonuclear leukocytes (PMN). In vitro studies have shown that activated PMN can bioactivate polycyclic aromatic hydrocarbons (PAHs), benzene, and drugs such as acetaminophen, chlorpromazine, p-aminobenzoic acid, and some imidazoles (3) . An in vivo model that induced topical skin inflammation by initial application of the phorbol ester 12-0-tetradecanoylphorbol-13-acetate (TPA), and a second application (16 hr later) of TPA and benzo [a] pyrene (B[a]P)-7,8-diol, was used to study the effect of inflammation on metabolism. Results showed a 50% enhancement of adducts to epidermal DNA (10) . Since many environmental particles contain PAHs and induce lung inflammation (11, 12) , we investigated whether activated neutrophils biotransform B[a]P as a model carcinogen, and whether they are able to modulate DNA binding of one of its major metabolites. To investigate the direct action of ROS on DNA, we evaluated the formation of 7-hydro-8-oxo-2'-deoxyguanosine (8-oxodG) at the same time. Studies were done in an in vitro model coincubating PMN and lung epithelial cells (Figure 1 C02; subsequently, 25 pl of MTT dissolved in sterile PBS (2 mg/ml) was added and followed by a 3-hr incubation (37°C, 5% C02). The medium was then replaced by 200 pl DMSO, and formazan crystals were dissolved by agitation of the plate for 1 min. Absorption was measured with a microplate reader at 540 nm (Biorad, Veenendaal, The Netherlands) and cytotoxicity was calculated as described by Dong et al. (15) .
DNA Isolation
After incubation for 2 hr, cells of the coincubations were gently scraped from the culture flasks with a disposable policeman (Greiner, Germany) and spun at 40C (5 min/400 xg). Cell pellets were lysed overnight at 37°C in 5 ml NEP/SDS (75 mM NaCl, 25 mM EDTA, 50 pg/ml proteinase K, 1% SDS), and cellular DNA was isolated as described previously (16 Figure 2 ). This putative BPDE-DNA cells. RLE cells and PMN were not separated before DNA was isolated. The adduct levels shown in Figure 3 were corrected for the different number of PMN; previous experiments demonstrated that in PMN exposed to B[a]P, adduct levels are negligible. Figure 3 shows that using unstimulated PMN, no enhanced adduct formation was observed in RLE cells with an increasing number of PMN. However, using activated PMN, adduct formation increased with an increasing number of PMN. As illustrated in Figure 3 , PMN activation resulted in a marked enhancement of adducts. An even stronger enhancement of adducts in coincubations was observed by PMN activation of B[a]P-7,8-diol (Table 2) . Typical chromatographs of these experiments are shown in Figure 2 . No BPDE-DNA adducts were detected in PMN or in coincubations exposed to B[a]P-4,5-diol. Activation of the neutrophils' oxidative burst with PMA also resulted in significantly higher 8- DNA (i.e., 188.5%, n=3 experiments). In unstimulated PMN, B[a]P was able to enhance oxidative DNA damage (118.5%, n = 3). However, in coincubations, no significant effects of PMA or B[a]P or its diols on 8-oxodG/dG were observed (data not shown).
In Figure 4 , the effect of various radical scavengers on BPDE-DNA adduct formation in coincubations exposed for 2 appeared to be correlated with the number of PMN (Figure 2 ). These results suggest that during in vivo exposure to B[a]P, the formation of BPDE-DNA adducts in the lung might be related to the extent of inflammation i.e., the percentage of PMN. Since ultrafine particles induce rapid PMN influx after inhalation, these data might be of significance to the interpretation of health effects in environmental exposure to particulates (7 (20, 21) , and probably also by ROS (5, 8) .
Parallel analysis of oxidative DNA damage showed that stimulation by phorbol ester caused enhanced ratios of 8-oxodG/dG in PMN, which is in agreement with previous observations (18, 23) but in contrast to a recent study (24) . In 
